Introduction
Asthma self-management among African American adolescents is vitally important for preventing morbidity and mortality (Bruzzese et al., 2012; Naar-King et al., 2014) . Asthma self-management refers to the problem solving behaviors that individuals use to manage asthma and includes self-care practices of symptom management, medication management, and environmental control (Fitzpatrick & Frey, 1993; Rand et al., 2012) . Compared to Caucasians, African American adolescents demonstrate fewer self-management behaviors and have more uncontrolled asthma, significantly more difficulty with symptom and medication management, and more negative beliefs about their medication management (Bruzzese et al., 2012; Rhee, Belyea, Ciurzynski, & Brasch, 2009 ). Poor asthma selfmanagement is associated with higher death rates, more emergency department visits, and more hospitalizations among African American youth compared to Caucasian youth (Akimbami, Moorman, Garbe, & Sondik, 2009; Gorina, 2012) .
Middle adolescence, defined as ages 14-16years (Radzik, Sherer, & Neinstein, 2008) , may be a particularly challenging time for asthma self-management. Middle adolescence is a time when the fundamental attributes needed to manage asthma emerge (Sadof & Kaslovsky, 2011) . Middle adolescents start to spend more time away from home and assume more of their asthma self-management (Jonnason, Egmar, Haller, & Kull, 2014; Mammen & Rhee, 2012) . They also want to be "normal" and like their peers but have complex asthma treatment regimens (Rhee, McQuillan, & Belyea, 2012) . Self-management can be fostered or compromised by middle adolescents' emerging abstract thinking abilities and more universal cognitive factors such as beliefs about the disease (Mammen & Rhee, 2012; Naimi et al., 2009 ).
Only a limited number of asthma studies have focused on factors associated with selfmanagement among African American middle adolescents (Bruzzese et al., 2011) . Other self-management studies have been conducted with African American adolescents ranging from 13-19 years (Bruzzese et al., 2012; Clark et al., 2010; Joseph et al., 2013; Naar-King et al., 2014; Velsor-Friedrich et al., 2012) without evaluating the specific group of middle adolescents. Because asthma self-management can improve outcomes and reduce health care system burden, it is important to identify factors associated with asthma self-management among African American middle adolescents Nurmagambeton et al., 2011; Rhee, Pesis-Katz, & Xing, 2012) . Therefore, the purpose of this study was to examine factors associated with asthma self-management in African American middle adolescents (14-16 years of age).
Review of the Literature
In this review of literature, several factors potentially associated with asthma selfmanagement were identified and are discussed. These include gender, levels of asthma impairment, prior asthma education, and more positive cognitive and emotional illness representations. Each of these factors is discussed below followed by a summary paragraph containing the study hypothesis.
Gender
Gender may be associated with asthma self-management. Some studies have shown that, compared to adolescent males, adolescent females have greater asthma prevalence, more emergency room visits, and hospitalizations (Clark et al., 2010; MacKay & Duran, 2008) . One study showed that adolescent females had poorer medication self-management, including less overall usage of their asthma medication(s) (Bruzzese et al., 2012) . In contrast, conflicting data show that compared to females, adolescent males have higher asthma mortality rates, are more likely to delay treatment than females (Murray, Stang, & Tierney, 1997; Pawar & Smith, 2006) . In addition, one study suggests that males appear to have poorer overall self-management (Joseph, Havstad, Johnson, Vinuya, & Ownby, 2006) .
Level of Asthma Impairment
Another factor potentially associated with self-management is asthma impairment, defined as "the frequency and intensity of symptoms and functional limitations the patient is experiencing currently or has recently experienced" (NHLBI, 2007, p. 2) . Relationships have been established between lower levels of asthma impairment and better selfmanagement behaviors (Murphy et al., 2012; Nguyen, Zahran, Iqbal, Peng, & Boulay, 2011) . Adolescents' positive self-management behaviors, particularly symptom and medication management as well as environmental control, positively influence their level of asthma impairment (Britto et al., 2014; Chipps, Zeiger, Dorenbaum, et al. 2012; NHLBI, 2007) .
Prior Asthma Education
Comprehensive asthma education programs for adolescents have been shown to improve knowledge, symptom management, medication adherence, environmental control, and inhaler techniques as well as decrease asthma impairment (Britto et al., 2014; Mosnaim et al., 2011) . Unfortunately, there are limited numbers of comprehensive asthma education programs for adolescents and not all adolescents participate in those existing programs (Srof, Taboas, & Velsor-Friedrich, 2012; Zahran, Person, Bailey, & Moorman, 2012) . These programs can be offered in diverse settings including schools (National Association of School Nurses, 2014; Srof, Taboas, & Velsor-Friedrich, 2012) .
Cognitive and Emotional Illness Representations
Previous studies suggest that adolescents' beliefs about their asthma are related to asthma self-management (Clark et al., 2010; Rhee et al., 2009) ; however, no studies have examined the association of illness representations (i.e. beliefs) to adolescents' asthma selfmanagement. Illness representations are mental representations of knowledge and experience or beliefs about an illness (Cameron & Leventhal, 2003) . Leventhal, Leventhal, and Schaefer (1992) classified illness representations as cognitive (identity [perceived] symptoms, cause, timeline, consequences of illness, and control) or emotional (Cameron & Leventhal, 2003) . Moss-Morris et al. (2002) revised the Illness Representations Questionnaire, to include the additional following representations: acute versus chronic timeline, cyclical timeline, personal and treatment control, and illness coherence, that is, one's understanding of the illness. More positive cognitive illness representations are associated with better self-management in adults (Hagger & Orbell, 2003; Halm, Mora, & Leventhal, 2006; including better perception and presumably better management of symptoms (Ohm & Aaronson, 2006) , as well as better medication adherence or self-management . However, the limited number of studies in adolescents did not evaluate cognitive illness representations of asthma (Bucks et al., 2009; Gaston, Cottrell, & Fullen, 2011; Zugelj et al., 2010) . Emotional illness representations (depression, anxiety, anger) have been associated with the self-management behaviors of chronically ill adolescents with hypertension (Zugelj et al., 2010) , but they have not been studied in adolescents with asthma as illness representations.
Summary
In summary, based on the review of literature, the hypothesis for this study was that being female, having lower levels of asthma impairment, prior asthma education, and more positive cognitive and emotional illness representations would be associated with greater asthma self-management among African-American middle adolescents aged 14-16 years. We controlled the influence of race and age on asthma self-management by limiting the sample to African Americans aged 14-16 years.
Methods

Study Design and Sample
This was a descriptive, cross-sectional, correlational study of 133 African American middle adolescents with asthma that was approved by the university's Institutional ReviewBoard. Inclusion criteria (per self-report) were African American, aged 14-16, had received asthma treatment within the past year, were being schooled in regular classrooms, had no cognitive or developmental delays (by parental report), were English-speaking, and had no other serious chronic illnesses that would interfere with asthma self-management.
A total of 209 adolescents aged 14 to 16 years were approached for the study; 19 were found to be ineligible due to age or not receiving any asthma treatment in the past year. Fifty-seven potential subjects declined to participate because they were too busy or lacked interest. The final sample included 133 participants (64% of those approached): 65 males and 68 females.
Procedures
Participants were recruited from schools, medical clinics, and the community (pediatricians' offices, minority health coalitions, churches, community organizations, and events where large numbers of African Americans were in attendance). Recruitment was conducted via flyers, brochures, and word of mouth. Signed assents were obtained from the participating adolescents and signed consent from their parents or guardians.
Data were collected by the lead investigator during meetings in schools, clinics, libraries, churches, or other locations mutually agreed upon by participants and the data collector. In all settings, data were collected in person in a private room using paper-and-pencil versions of the instruments. Parents could be present but were not allowed to provide answers for the adolescent. The data collector was present to help interpret word meanings or read items aloud as necessary without influencing answers. Participants who completed all data collection instruments were given a $20.00 gift card.
Measures
Demographic Information-Using an investigator-developed form, participants provided demographic data, including the year and length of any formal asthma education program.
Self-management-Asthma self-management was measured using the 21-item Asthma Self-Care Practice Instrument (ASCPI), which measures the amount of time children and adolescents spend performing 21 different behaviors related to asthma symptom management, medication management, environmental control, and overall self-management (Fitzpatrick & Frey, 1993) . A ratio scale of 0% to 100% was used for each item to indicate the percentage of time the behavior was performed. Higher ASCPI scores indicate better self-management. A panel of physicians and pediatric nurses established content validity for the original instrument. Out of the limited number of asthma self-management instruments available at the time of this study, this instrument was selected because it had been previously used among children and adolescents, including African Americans, with Cronbach's alphas ranging from 0.82 to 0.92 (Kouba et al., 2013; Velsor-Friedrich et al., 2012; Velsor-Friedrich, Piggott, & Louloudes, 2004; Velsor-Friedrich, Piggott, & Srof, 2005 ). Cronbach's alpha in this study was 0.87.
Illness Representations-Illness representations were measured with the 56-item Illness
Perceptions Questionnaire-Revised (IPQ-R) (Moss-Morris et al., 2002) , which yields subscale scores for eight cognitive illness representations (perceptions of symptom identity, acute vs. chronic timeline, cyclical timeline, consequences, personal control, treatment control, cause, illness coherence) and one emotional illness representation. As recommended by Moss-Morris et al. (2002) , the cause subscale score was based on factor analysis resulting in three perceived causal factors: psychological attributes (Cronbach's alpha = .75), risk factors (alpha = .67), and behavioral attributes (alpha = .63). To interpret IPQ-R scores, the following rules were used. High scores on the symptom identity, timeline, consequences, and cyclical dimensions respectively represent beliefs in more symptoms identified with the illness and beliefs that the condition is chronic, has more negative consequences, and is cyclical in nature. High scores on the personal control, treatment control, and coherence dimensions represent positive beliefs about the controllability of the illness and one's personal understanding of the condition (Moss-Morris et al., 2002) . A high score on the emotion scale would mean that the person was responding to their asthma in a more negative way emotionally.
Asthma Impairment-Asthma impairment during the prior month was operationalized with the Asthma Control Test (ACT), which differentiates categories of impairment as well controlled, not well controlled, or poorly controlled (Nathan et al., 2004) . These categories of asthma impairment are differentiated by degree of symptoms, level of activity, percentage of lung function, and exacerbations requiring oral corticosteroids (NHLBI, 2007) . The asthma impairment categories were based upon a Likert type response scale used for five items that respectively address the level of disruption in school and home activities because of asthma symptoms, frequency of symptoms, nighttime awakenings, use of short-acting beta agonist medication, and self-evaluation of asthma control (Nathan et al., 2004) .
Because the number of participants who scored not well or very poorly controlled was small, these data were collapsed into two categories, well controlled and not well controlled. Based on the ACT's cutoff recommendation, participants with scores of 19 or under were collapsed into the not well controlled category, and those with scores of 20 to 25 were classified as well controlled. The final asthma impairment categories consisted of 55 well controlled (35 males and 20 females) and 78 not well controlled adolescents (30 males and 48 females).
Data Analysis
Differences in self-management by demographics were analyzed using analysis of variance for categorical variables and Pearson correlations for interval-and ratio-level variables. Descriptive statistics (means, standard deviations) were used to evaluate illness representations. Relationships between self-management total scores and the illness representations were measured using Pearson correlations. Variables identified as significantly (p<.05) related to asthma self-management were included in a standard regression model. Preliminary analyses were conducted to ensure no violation of the assumptions of normality, linearity, multicollinearity, and homoscedasticity. All significant variables were entered into the regression model at once. Table 1 shows differences in asthma self-management scores by demographics. The only factor related to self-management was that adolescents who had completed a formal asthma education program had significantly higher self-management scores than those who had not. Of those 26 participants who had had a formal asthma education program, most had participated in programs that occurred 1-2 years prior to the study (SD2.16, range 1-11) and lasted for approximately 1 hour (SD 2.73, range 1-16). The three most reported settings for asthma education were hospitals (11.2%), camps for children and adolescents with asthma (3.8%), and schools (2.3%).
Results
Bivariate Associations
As shown in Table 2 , illness representations scores were moderately high on illness coherence, personal control, and treatment control indicating fairly positive beliefs overall about their understanding of asthma and its controllability. Participants were likely to attribute the cause of their asthma to psychological attributes (such as attitudes about asthma and stress or worry about their asthma). Scores were low to moderate for the identity, emotional, and consequences subscales, indicating that most of the adolescents did not associate a large number of symptoms with their asthma, did not have many negative emotions about asthma, and did not perceive many negative consequences of asthma. Asthma was perceived as chronic with episodic exacerbations on the timeline dimensions. Table 2 , there were small, but significant correlations between selfmanagement and the cognitive illness representations of perceived consequences, treatment control, and illness coherence. Specifically, better self-management was associated with more perceived illness consequences, stronger beliefs in the treatment controllability of the disease, and better understanding of the illness.
Also shown in
Factors Associated with Asthma Self-management
Included in the regression model were completion of a formal asthma education program (yes/no) and cognitive illness representation scores for consequences, treatment control, and illness coherence (Table 3) . The model explained 25% of the variance in the total selfmanagement score, and all predictor variables were significant in the model except perceptions of treatment control. Completion of a formal asthma education program, stronger beliefs in the personal impact and severity of asthma, and having a better understanding of asthma were associated with better asthma self-management.
Discussion
Overall, our findings contribute to a greater understanding of factors associated with asthma self-management in African American adolescents aged 14 to 16 years old. Our study hypothesis was only partially supported: self-management was not related to (1) gender or (2) level of asthma impairment.
Gender was not associated with self-management in bivariate analyses. Although Bruzzese et al. (2012) found that females had poorer medication self-management than males, their study was done in a mixed racial group of early adolescents.
Asthma impairment was not associated with asthma self-management in our adolescent study, unlike other studies that primarily included adults (Murphy et al., 2012; Nguyen, Zahran, Iqbal, Peng, & Boulay, 2011) . Due to the small number of participants in the not well and very poorly controlled groups, we collapsed these groups which have affected our results. Further research is needed to disentangle equivocal findings regarding the relationships among self-management, gender, and asthma impairment. Consistent with our hypothesis, self-management was related to completion of a formal asthma education program. Similar to our study, other studies have shown that adolescent education programs have a positive impact on asthma self-management (Britto et al., 2014; Mosnaim et al., 2011) . Our finding is interesting given that participants had been exposed to short programs (approximately 1 hour) in the recent past (average 1-2 years prior). What is not clear is the effects of additional clinical reinforcements that could have occurred for those adolescents following the formal program. Also of importance is the fact that less than 20% of our African American adolescent participants had completed such a program. These findings support the importance of facilitating access to and reinforcing asthma education that is tailored to the needs and ethnocultural beliefs and practices of each patient in keeping with recommendations in the 2007 Expert Panel Report of the National Asthma Education and Prevention Program and Healthy People 2020 (NHLBI, 2007; USHHS, 2012) . The findings also support the importance of evaluating the effects of asthma education interventions among adolescents to determine the most effective content, strategies, and intervention delivery platform to promote asthma self-management (NHLBI, 2007; Srof, Taboas, & Velsor-Friedrich, 2012 ).
Partially consistent with our hypothesis, self-management was related only to some illness representations. Our finding that the illness representation of perceived consequences was related to self-management is similar to findings among adults with asthma (Ohm & Aaronson, 2006) . Adults rating their asthma as more severe had better symptom perceptual accuracy, which would be expected to result in better self-management. Thus, the ability to identify more symptoms and more illness consequences seem to be important to asthma selfmanagement. Similarly, other studies have shown that assessing the perceived negative impact of asthma (i.e., consequences) is important (Rhee et al., 2009 ).
Our study is the only one to date to identify the illness coherence representation as a factor associated with adolescents' asthma self-management. The illness coherence representation is assessed by such responses as how puzzling participants' symptoms are to them, whether the illness seems mysterious to them, and how well they understand their illness. In our sample, scores on illness coherence showed that our sample had moderately high understanding of their illness (72% of the maximum score possible), suggesting it was not puzzling or mysterious to them. Future studies should attempt to replicate our findings in adolescents of other racial and ethnic groups as well as older and younger adolescents. Assuming such corroboration, our finding suggests that adolescents' understanding of their asthma should be assessed in the clinical setting and information provided as needed.
Other illness representations (treatment control, identity of symptoms, emotional illness representations) were not fully associated with self-management. The treatment control illness representation was significantly correlated with self-management in bivariate comparisons, but was not significant in the regression model, which contrasts with studies done in adults in which treatment control perceptions predicted medication self-management . These differences could be attributed to the fact that other studies measured medication adherence whereas we used a more comprehensive measure of asthma self-management (symptom management, medication management, and environmental control). In addition, neither the identity of symptoms illness representation or emotional illness representations was significant in the current study. This may be due to adolescents' inability to recognize their asthma symptoms. It may be important to educate adolescents about recognizing and responding to their own specific asthma symptoms. As mentioned earlier, emotional illness representations were also not significant in the current study.
Implications
Clinicians should recognize the need to support middle adolescents as they transition into greater personal responsibility for asthma self-management, particularly African-Americans who have higher asthma prevalence and death rates. Information about factors influencing middle adolescents' self-management can help identify those at risk for poor asthma selfmanagement. Based on our findings, recommendations for clinicians working with AfricanAmerican middle adolescents with asthma are to provide access to developmentally appropriate, asthma education programs and for this education to be reinforced at all points of care (clinics, schools, pharmacies, etc.) (NHLBI, 2007) . Importantly, our study is the first to indicate that clinicians need to be aware of the importance of illness representations. In particular, adolescents' beliefs about the consequences of having asthma should be assessed. Furthermore, during middle adolescence, it is important that adolescents' understanding of their illness is assessed and enhanced in order to improve their asthma self-management.
Our findings suggest there are health policy implications related to the availability and accessibility of formal asthma education programs for African American adolescents with asthma. There is also a need to have policies that require health care service plans to cover asthma self-management education for adolescents at all points of care including clinic-, home-, and school-based programs. Increasing participation in effective asthma selfmanagement programs has the potential to improve such outcomes as level of asthma impairment, appropriate medication use, the number of hospitalizations and emergency department visits, school absences, and direct cost savings of emergency visits and hospitalizations (Meng, Pourat, Cosway, and Kominski, 2010; .
Limitations
Study findings should be interpreted in light of study limitations. The study focused only on African Americans and therefore did not examine race as a factor associated with asthma self-management. The descriptive correlational design provided evidence about associations but not temporal prediction or causality. The sample size was moderate despite aggressive recruitment activities in a variety of settings. Even though the asthma impairment measure gave us three groups, we had to collapse these groups which could have affected the results. There were also limitations related to the initial publication and validity of the ASCPI. Finally, the regression analysis which only explained 25% of the variance in selfmanagement suggests that other important factors may exist.
Conclusion
In summary, our study identified factors associated with better self-management in 14-16 year old African American adolescents with asthma. These included having attended an asthma education program, perceiving more asthma consequences, and reporting greater understanding of the illness. These factors will be important to target in future longitudinal intervention research with larger samples. Further research is also needed regarding illness representations and other factors associated with improving African American adolescents' self-management. Such research could improve asthma outcomes and decrease health disparities for African American adolescents with asthma. Finally, the limited number of adolescent studies and resulting need to compare our findings with adult studies supports the need for developmentally appropriate studies of the illness representations and selfmanagement of African American adolescents with asthma.
Highlights
• We contributed to the limited studies of African American adolescents with asthma
• We examined factors related to asthma self-management
• Completion of an asthma education program was associated with better asthma self-management
• Perceiving more asthma consequences was associated with better asthma selfmanagement
• Having a greater understanding of asthma was associated with better asthma self-management 
